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i . INiRODUCTiON / 5-96 7 
The e l e c t r o d e  s t u d i e s  have been completed except  f o r  temperature  

dependance, and perhaps s+ome a d d i t i o n a l  work wi th  s i l v e r  oxide e l e c -  

t r o d e s .  

our  e a r l i e r  conclus ions  fo r  t h e  hydrogen e l e c t r o d e ,  b u t  no t  f o r  t he  

oxygen e l e c t r o d e .  It  now appears  t h a t  o t h e r  f a c t o r s  a r e  nore important  

f o r  t he  l a t t e r  e l e c t r o d e .  

F u r t h e r  s t u d i e s  ‘on the e f f e c t  of f o r e i g n  i o n s  have s u b s t a n t i a t e d  

Radioac t ive  doped s i n t e r e d  s i l v e r  e l e c t r o d e s  were s t u d i e d  i n  a 
0 

hydrogen-oxygen c e l l  a t  room temperature  and 70 C .  I t  i s  concluded 

t h a t  t hey  do no t  look promising. 

Hydrogen s t o r a g e  i n  a s i n t e r e d  p a l l a d i u n  e l e c t r o d e  was s t u d i e d  a t  

s e v e r a l ,  r a t h e r  h igh  c u r r e n t  d e n s i t i e s .  I t  w a s  found t h a t  l i t t l e  o r  

n o pres su re  bui ld-up  occur s ,  i n d i c a t i n g  t h a t  t h e  hydrogen i s  absorbed 

a s  f a s t  as  it i s  formed, even a t  ve ry  h igh  charg ing  r a t e s .  T h i s  f a c t ,  

coupled w i t h  f avorab le  discharge c h a r a c t e r i s t i c s ,  i n d i c a t e s  t h a t  t he  

system A g  0-Pd(H ) nay become c o n p e t i t i v e  w i t h  s e v e r a l  e x i s t i n g  

r echa rgeab le  systems. A- 2 2 
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2 .  ELECTRODE STUDIES 

l lo s t  of  t h e  e l e c t r o d e  s t u d i e s  a r e  now complete.  During November, 

The work was f i n i s h e d  on t h e  e f f e c t  of  f o r e i g n  i o n s  (Ba* and C03'). 

conc lus ions  reached l a s t  month r ega rd ing  t h i s  e f f e c t  a r e  modif ied i n  

some r e s p e c t s .  

The conclus ions  r e p o r t e d  e a r l i e r  f o r  t h e  hydrogen e l e c t r o d e  have 

been l a r g e l y  s u b s t a n t i a t e d ,  but t hose  f o r  the oxygen e l e c t r o d e  have 

no t .  It  appea r s  t h a t  f a c t o r s  o t h e r  t han  tlic e l e c t r o l y t e  p u r i t y  may 

be nore  imporcant: i n  determining oxygen e i e c t r o d e  performance. 

2 . 1  Radioac t ive  E lec t rodes  

Four s i n t e r e d  s i l v e r  e l e c t r o d e s ,  con ta in ing  a s i l v e r  s c reen  for 

s t r e n g t h ,  were made up f o r  e v a l u a t i n g  r a d i o a c t i v e  e l e c t r o d e s  f o r  

p o s s i b l e  use i n  f u e l  c e l l s .  Three were s e n t  t o  Yardney E l e c t r i c  Company 

where two of  them were doped with Po , an  e m i t t e r .  The t h i r d  one 

T J a S  doped with Pm1'I7, a 3 e m i t t e r .  

f o r  a c o n t r o l .  A l l  f ou r  were t e s t e d  a s  oxygen e l e c t r o d e s  i n  a liydrogen- 

oxygen c e l l  a t  room temperature  and a t  70 C .  N o  c o r r e l a t i o n  between 

r a d i o a c t i v i t y  and e l e c t r o d e  p o l a r i z a t i o n  was demonstrated.  I n  a d d i t i o n  

t o  t h i s  r e s u l t ,  i t  w a s  demonstrated t h a t  our  p re sen t  p la t inum blacked 

n i c k e l  e l e c t r o d e s  are b e t t e r  a t  room tempera ture  than  any of t h e  s i l v e r  

e l e c t r o d e s  are,  r a d i o a c t i v e  o r  o the rwise ,  a t  e i t h e r  roon temperature  

o r  7OoC. 

2 10 

The f o u r t h  e l e c t r o d e  vas saved 

0 

There fo re ,  no f u r t h e r  worl: i s  a n t i c i p a t e d  wi th  t h e s e  e l e c t r o d e s .  

2 . 2  S i l v e r  Oxide E lec t rodes  

F u r t h e r  work 'was accomplished r g i t h  s i l v e r  ox ide  e l e c t r o d e s  

du r ing  November, S i l v e r  e l e c t r o d e s  were made wi th  doped and undoped 

s i l v e r  ox ide ,  where t h e  doping agent  w a s  c o b a l t .  Goth doped and undoped 

e l e c t r o d e s  were made and waslied wi th  t h e  e l e c t r o l y t e  i n  two cases and 

wi th  d i s t i l l e d  water  i n  two cases .  Thus, t h e r e  were f o u r  e l e c t r o d e s  

s t u d i e d :  1) doped and washed with e l e c t r o l y t e ,  2) doped and washed 
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w i t h  water, 3) undoped and washed w i t h  e l e c t r o l y t e  and, 4)  undoped 

and washed wi th  water. For  each experiment t h e  c e l l s  were d ischarged  

completely through a 1 ohm r e s i s t o r  and charged u n t i l  t h e  second s i l v e r  

p l a t e a u  was reached .  The s i l v e r  e l e c t r o d e s  were l a t e r  analyzed,  u s i n g  

t h e  Volhard ne thod ,  t o  determine t h e  t o t a l  amount of  s i lver  p r e s e n t .  

The evidence appears  good a t  t h i s  t i m e  t h a t  t h e  c o b a l t  doped 

s i l v e r  oxide i s  s u p e r i o r  t o  the undoped m a t e r i a l ,  e s p e c i a l l y  a t  h i g h e r  

c u r r e n t  d e n s i t i e s .  However, the e f f e c t  i s  small .  

extreme spread f o r  t h e  f o u r  e l e c t r o d e s  was approximately from 50 t o  60 

p e r c e n t  of  t h e o r e t i c a l  f o r  t h e  f i r s t  s i lver  p l a t e a u .  

A t  64 ma/cm2 t h e  

2 .3  Hydrogen Storage  i n  Pal ladium 

A hydrogen e l e c t r o d c  was f a b r i c a t e d  by  s i n t e r i n g  pal ladium 

powder o n t o  a f i n e  p la t inum screen. 

by t h e r m a l l y  deconposing Pd C12 a t  5OO0C on the  s i n t e r e d  pal ladium 

e l e c t r o d e .  

was monitored cont inuous ly  while a hydrogen-s i lver  oxide c e l l  was 

charged a l o n g  t h e  f i r s t  s i l v e r  p l a t e a u ,  u s i n g  t h e  s i n t e r e d  pal ladium 

f o r  t h e  hydrogen e l e c t r o d e .  The o b j e c t  was t o  determine p o l a r i z a t i o n  

c h a r a c t e r i s t i c s  and t h e  r a t e  o f  p r e s s u r e  bui ld-up  w i t h i n  t h e  c e l l .  

A pa l lad ium c a t a l y s t  was a p p l i e d  

About 7.5 np Pd/cn 2 w a s  a p p l i e d  i n  t h i s  manner. P r e s s u r e  

Tlie r e s u l t s  werc g e n e r a l l y  v e r y  s a t i s f a c t o r y .  Charg ins  c u r v e s  
2 

w e r e  r u n  a t  40 ,  80, 124, and 155 na/cm . There was a v e r y  s l i g h t  

p r e s s u r e  decrease w i t h  t i m e  a t  40 n a / c m  , and al though t h e r e  was a 

v e r y  s l i g h t  i n c r e a s e  w i t h  time f o r  t h e  t h r e e  h i g h e s t  charg ing  r a t e s ,  

t h e  gage p r e s s u r e  w a s  a lways negat ive  except  f o r  t h e  155 m a / c m  ra te .  

A t  t h e  end of  t h e  l a t t e r  charge, t h e r e  was a p o s i t i v e  gage p r e s s u r e  of  

about  3 p s i .  Tlie r e a s o n  f o r  the n e g a t i v e  p r e s s u r e s  i s  t h a t  t h e  hydro- 

gen s i d e  o f  t h e  ce l l  w a s  swept w i t h  hydrogen, i n  t h e  u s u a l  manner, 

b e f o r e  each r u n  and tliis was then q u i c k l y  absosbed by t h e  pal ladium. 

2 

2 

The ce l l s  were discharged a t  t h e  s 3 m e  ra tes  a t  which t l iey had 
2 

p r e v i o u s l y  been  charged. The amp-hour r a t i o  a t  40 m/cm was 95 p e r c e n t ;  
L 

a t  80 i t  was 87 p e r c e n t ;  a t  124 i t  was 75 p e r c e n t ;  and a t  155 m a / m  

t h e  r a t i o  was 67 p e r c e n t .  The n u d e r  of  ma-hrs obta ined  on d i s c h a r g e  

was 180, 226, 258, and 104 r e s p e c t i v e l y .  The weight  o f  pa l lad ium 
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(minus t h e  p la t inum screen)  vas 1.399 gm. However, i t  was not  shown 

t h a t  these f i g u r e s  represented  the c a p a c i t y  o f  t h e  pal ladiu?i  o r  t h e  

c a p a c i t y  of t h e  s i lver .  

P o l a r i z a t i o n  c h a r a c t e r i s t i c s  were about normal f o r  3 hydrogen 

e l e c t r o d e  c a t a l y z e d  w i t h  pure  palladium. No r e l i a b l e  r e s u l t s  vrere 

obta ined  f o r  i n d i v i d u a l  e l e c t r o d e s  as t h e  hydrogen r e f e r e n c e  e l e c t r o d e  

f a i l e d  r e p e a t e d l y ,  probably because i t  was a p la t inum c a t a l y z e d ,  

s i n t e r e d  n i c l - e l  e l e c t r o d e  and a h j r d r q e n  gas p r e s s u r e  could n o t  be  

maintaincd on it i n  t h e  presence o f  the s i n t e r e d  pal ladium e l e c t r o d e .  

Sone a d d i t i o n a l  work is  planned f o r  t h i s  systeri  i n  1~11ich a pal ladium 

liydroger, r e r e r e n c c  e l c c t r o d c  vi11 be used .  A nixed  plat inum-pal ladium 

catalyst w i l l  be  s t u d  Led f o r  tile  orki king e l e c t r o d e .  
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3 .  ELECTROLIYE S’iOiWGE EXFERMENTS 

A new c e l l  h a s  been designed and cons t ruc t ed  f o r  c a p a c i t y  e x p e r i -  

ments.  

hydrogen-oxygen system qu ick ly  r e v e a l s  t h a t  t h i s  r a t i o  w i l l  be  l i m i t e d  

more by t h e  amount o f  s t o r e d  e l e c t r o l y t e  than  by t h e  weight o f  the  gas  

s t o r a g e  c y l i n d e r s .  

t h e  on ly  e l e c t r o l y t e  s t o r a g e  h a s  been between t h e  e l e c t r o d e s .  The new 

c e l l ,  shown i n  F igu re  1, i s  designed t o  a l low e l e c t r o l y t e  s t o r a g e  

behind t h e  e l e c t r o d e s .  The gas f o r  each e l e c t r o d e  i s  brought up through 

a ho le  i n  t h e  e l e c t r o l y t e  s to rage  bed t o  a sc reen  immediately behind 

t h e  e l e c t r o d e .  The gas  p o r t  s l eeves  s e r v e  a t r i p l e  func t ion .  They 

a l low gas  passage up to  t h e  n i cke l  s c reen ,  where t h e  gas  i s  t h e n  

d i spe r sed  a c r o s s  the  e n t i r e  back o f  t h e  e l e c t r o d e ,  t hey  make e l e c t r i c a l  

c o n t a c t  t o  t h e  e l e c t r o d e ,  and they determine the  spac ing  (at  least  a t  

two po in t s )  between t h e  e l e c t r o d e s .  

An a n a l y s i s  o f  t h e  energy s to rage l t r e igh t  c a p a b i l i t i e s  o f  t h e  

I n  a l l  cells  s t u d i e d  t o  d a t e  i n  t h i s  l a b o r a t o r y ,  

The s t o r a g e  behind t h e  hydrogen e l e c t r o d e  was made twice  as  much 

as  t h a t  behind t h e  oxygen e l e c t r o d e  because a c o n s i d e r a t i o n  o f  t h e  

i n d i v i d u a l  e l e c t r o d e  r e a c t i o n s  s h o m  t h a t  twice  as much water  i s  

consumed o r  produced (for t h e  charge o r  d i scha rge  p rocess ,  r e s p e c t i v e l y )  

a t  the hydrogen e l e c t r o d e  a s  a t  t h e  oxygen e l e c t r o d e .  These e l e c t r o d e  

r e a c t i o n s  are 
d i s cha r g e 

H2 + 2 OH’ 2 H20 + 2e’ 

charge  
7 

4 

and 
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C e r t a i n  phases  of  t'ie e l ec t rode  development, such a s  t h e  e f f e c t  o f  

tempera ture  on e lec t rodt l  jwrfomance ,  remain t o  be done. These w i l l  be 

f i n i s h e d  i n  December. A s r l a l l  aiwunt o f  a d d i t i o n a l  work may bc done 

a l s o  t o  h e l p  c lear  up t h e  e f f e c t  o f  doping on s i l v e r  ox ide  e l e c t r o d e s .  

It i s  expec ted ,  however, tliat most o f  the month w i l l  be  devoted 

to capsc i ty  tests oii the iieu ccli. SLiice nost of tlie e l e c t r o l y t e  is 

s t o r e d  behind t h e  e l e c t r o d e s ,  it i s  p o s s i b l e  t h a t  t he  charg ing  and/or  

d i scha rg ing  r a t e s  w i l l  be l imi t ed .  T h i s  i s  because the  e l e c t r o l y t e  

w i l l  have t o  f l o w  t o  and from the  r e g i o n  behind t h e  e l e c t r o d e s  a s  it  

i s  n a d t  and consumed, r e s p e c t i v e l y .  For  t h i s  r eason ,  c a p a c i t y  w i l l  

be determined a s  a func t ion  of c u r r e n t  d e n s i t y .  
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